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x – Vibrational mode
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STM observation of local inelastic mode
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Inelastic STM
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STM measures local DOS

H = He + Hv + Hi

Hv = kx
2

2
– vibrational

mode

Hi = gc†σ(r = 0)cσ(r = 0)x

Σ(ω)
δN(ω) = 1

π
Im

[

G0(r, ω)Σ(ω)G0(r, ω)
]

For normal metal: δN(ω) ∼ g2N0(ω − Ω0)θ(ω − Ω0)

Ω0

~g 2N

ω
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d-wave superconductor
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“Holstein” Features

For N0 ∼ 1/eV , JN0 = 0.14,

δN

N0

∼ (JN0)
2ω − Ω0

∆0

The relative change is of
the order of few percent

At 2nd order Spin ↔ vibra-
tion mode
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Intermediate Conclusions

Vibrational modes of a single molecule was detected by
STM

Single Spin will have the analogous features in STM

Single Spin detection is possible in STM

d-wave superconductor gives more options

The energy of the features depends on magnetic field.

To avoid Kondo effect either temperature or magnetic
field should be larger then TK
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Magnetic Collective Mode

Fong et al, Nature, 398, 588 - 591 (1999), Y Ba2Cu3O6+x

Inelastic neutron scattering
Magnetic mode bellow Tc

Peaked at Q = (π, π), Ω0
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Effect on Electrons
M. Norman et al, PRL., 79, 3506 (1997)
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Strategy

Calculate corrections to the Green’s function due to
magnetic mode

Reproduce the DOS measured by tunneling

Calculate T matrix due to scattering off impurity

Calculate the DOS at point r away from impurity

Calculate real space Fourier transform of the DOS(r)
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Correction to DOS due to MM

Σ(ω,  )=k
Ĝ−1 = Ĝ−1

0
− Σ̂

t = 1.0, t′ = −0.2, ∆ = 0.1,
Ω0 = 1.5∆

g = 0, ∆, 2∆, 3∆
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Local density of states

U0 = 100∆, g = 3∆0
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LDOS at E = −∆ − Ω0

Difference of LDOS for g = 3∆
and g = 0
N = 1000
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Fourier transform of
LDOS
Peak at Q = (π, π)
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Conclusions

Inelastic STM spectroscopy can be used to detect the
collective modes in the Strongly Correlated Systems

It can be used to extract both energy and momentum of
the modes

In High Tc it can be used as a probe complimentary to
INS

A collective mode can be found without a priori
knowledge of the nature of the mode
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